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CHARACTERISTICS OF A L A R G E - S C m  

TRIAIGULAR WING 

By E.. Clyde McLemre 

SUMMARY 

An investigation of a large-scale triangular wing having 600 of 
leading-edge sweep and with 10-percent-thick  circular-arc  airfoil   sections 
p a r a l l e l   t o  the plane of aymmelzy was made i n  the Langley full-scale 
tunnel   to  determine the effec te  of wing leading-edge  modificationrr  and 
several  outboard fin arrangements on the low-speed s t a t i c  stability 
character is t ics .  

T h e  results of the present   lwest igat ion  indicate  that rounding 
the wing leading edge by ine t a l l i ng  s nose glove hmlng ordinates 
corresponding to the aACA 65(,6)-aO6.5 a i r f o i l  & 4 e d  the vortex flow 
and a l lev ia ted  the accmpanying  farce  and m m e n t  breaks characteristic 
of the w i n g  with  sharp  le&ng  edgea. A further increase of the wing 
leading-edge radiue by installing an WACA 65-010 nose glove eliminated 
the  force and momnt breaks  associated with vortex  flow. 

Inatalling  outboard fins i n  several spanwise and chordwise locations 
on the wings indicated th8t the most desirsble ove r -a l l   s t ab i l i t y  
charac te r i s t ics  were obtained with the fins   loca ted  as far outboard 88 

prac t ica l  and  with the leading edge of the   f i n   t angen t   t o  the leading- 
edge pro f i l e .o f  the wing. Fins placed i n  the most ef fec t ive   loca t ion  
increased the l i f t  coeff ic ient  a t  which negative dihedral was experienced 
and a l s o  produced the  beat   d i rect ional .e tabi l i ty   character is t ics .  

- Increasing  the Reynolda number frm approximately 2.7 X 10 to 6 
approximately 9.7 x 106 poduced o w  a minor influence on the e t a t i c  
a tab i l i ty   charac te r i s t ics  of the three  configurations  investigated  with .. 
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f ine  removed or   instal led.  The large-scale data obtained for the  present 
investigation  are in reasonable agreement with the low-scale dsta  
obtained previously. 

IXCRODUCTION 

I 

Previoue  investigations of the  pressure  distribution and force 
character is t ics  of tr iangular vings (reference8 1 t o  4) have shown the 
existence of leading-edge  separation and an accdmpanying stropg vortex 
flow fo r  wings having sharp  leading edges or small leading-edge  radii. 
From such  Information  available i n  reference 3, it was known that 
modifying the w i n g  leading edge by changing the mae  radii .would  alleviate 
the  leading-edge  separation and vortex flow and the accompanying force 
and moment breaks. It has a lso  been shown that this vortex flow becomes 
weaker as   the w i n g  leadingiedge  radius i s  increased  (reference 3 ) .  The 
flow investigation  reported  in  reference 2 shove that the separation 
vortices  increase in s i ze  and intensity  as  they  progressively sweep 
inboard and away from the wing leading edge with increaeing  angle of 
attack. The  progression of this type of flow Over the w i n g  surface would 
be expected t o  influence  considerably.the stability character is t ics  as 
have been indfcated  in  low-scale tests (reference 5) and the character- 
i s t ics  of a control  surface  installed in ite path (reference 6 ) .  

. '  
! 

The present tests were conducted in the Langley full-scale  tunnel 
t o  determine the ef fec ts  of wing leadingedge  modifications and several 
outboard f i n  arrangements on the low-speed s ta t ic   s tab i l i ty   charac te r -  
i s t i c s  of a large-scale triangular w i n g  having 10-percent-thick  circular- 
a rc   a i r fo i l   sec t ions .  

The  w i n g  leading-edge  medifications  investigated were nose gloves-  
having airfoil  ordinate8  corresponding  to the NACA 65 -006.3 and 
NACA 65-010 a i r fo i l   sec t ions  with leading-edge r a d i l  of 0.282 percent 
chord  and 0.687 percent chord, respectively. The e f fec ts  of the f fns 
were investigated  at   three chordwise pos i t ions   a t  the 45-percent-semispan 
s ta t ion,  two chordwise pos i t ions   a t  the 60-percent-semispan station, and 
one chordwise pos i t i on   a t  the 75-percent-semispan station. 

(06) 

The t e s t s  were conducted through a Reynolds number range from 
2.90 x lo6 t o  9.72 x 10 with a greater portion of the   t es t s  conducted 
a t  a Reynolds number of 6.00 x 10 6 corresponding t o  a Mach  number of 0.07. 

6 
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The t e e t  data are  presented as etandard W A  coefficient6 of forces 
and moment8 r e fe r r ed   t o  the s t a b i l i t y  axe8 a6 indicated  in  figure 1. 
The  origin of the ayetem of axe8 ie located  in   the plane of eymmetry of 
the wing at a p i n t  projected f r c a n  the quarter chord of the mean aero- 

chord. 

l i f t  coeff ic ient  ( L/@) 

maximum l i f t   c o e f f i c i e n t  

1ongitudinaLforce  coefficient (X/qS) 

pitching-moment coeff ic ient  (M/@ESF) 

lateral-force coeff ic ient  ( Y / ~ s )  

rolling-moment coeff ic ient  (L'/qSb) 

yawing-moment coeff ic ient  (N/qSb) 

total lift of wing (-2) 

ver t ica l   force  

longitudinal force 

t o t &  drag of wing (-X) 

l a t e r a l   f a r c e  

l i f t - t o -d rag   r a t io  

pitching moment about Y - a x i s  

rolling moment about X - a x i s  

yawing mOlTEIlt 8 b O U t  Z - d S  

free-etream m c  preeeure (pv2/2) 

~ S E  density of air 

free-stream  velocity 
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CnS 

cy* 

uing area 

Reynold6 number 

angle of sweepback at w i n g  lesding edge, degrees 

mean aerodynamic chord measured parallel  t o  plam of symmetry 

spanwiee coordinate 

local chord 

wing span 

angle of attack measured i n  plane of eymmetry, degreee 

angle of yaw (positive when right eemiepan is resrward), 
degreee 

aspect  ratio 

taper  ratio 

rate of change of r a  
yaw, per degree 

Illing-moanent coefficient with angle of 

rate of change of yawing-moment coefficient  vith angle of 
yaw, per degree 

ra te  of change  of lateral-force  coefficient with angle of 
yaw, per degree 

Gubecripte : 

t upper surface 

b . lower surface 

W wing 

f f ins  
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MODEL 

5 

The wing used i n  this investigation was  triangular i n  plan form 
with  the  leading edge meptback 600, and had cf rcu lar -a rc   a i r fo i l  
sec t ions   para l le l   to  the plane of synanetry w i t h  a maximum thickness  of 
10 percent of  the chord located a t  50 percent of  the chord. The wing 
had an  aspect   ra t io  of 2.31, a span of 23.1 feet, and an area of 
231 square feet. Geametric character is t ics  of tbe basic wing (hereafter 
referred t o  as corifiguration A )  are given i n  figure 2. A photograph of 
the wing mounted f o r  tests in the Langley full-scale  tunnel is given  as 
figure 3. The wing had no geometric d i h e d r a l  or t w l e t  and uae constructed 
en t i re ly  of metal. 

The leading-edge modifications  investigated uere glovea having a i r -  
foil ordinates  corresponding to NACA 65(06)-O06.5 and NACA 65-010 a i r f o i l  
sections  (fig.  4) and wlll be  referred  to  as  configurations B and C, 
respectively,  throughout the remainder of the paper. The ordinates  for 
the gloves are gfven in table I. The gloves for coafigurations B and C 
are f a i r ed   i n to  the baeic w i n g  a t  the 25- and 50-percent-chord l ines ,  
respectively. The juncture of the glove wi th  the wing surface was made 
smooth and f a i r  by the use of modeling clay. 

Two types of' f i n s  were investigated, and the geometric  character- 
i s t i c s  of the f ine  and their arrangements on the wing are shown in 
figure 5.  Fin 1"had a leading-edge sweepback angle of  53O and was mounted 
on the upper surface of the wlng, and f i n  2 had a leading-edge sweepback 
angle of 450 and was ins ta l led  i n  two parts,  one on the upper and one on 
the lower surface of the wing. Fins 1 and 2 had an aspect   ra t io   of  1 . 4  
and were conetructed of 2 - inch plywood rigidly  supported by cable8 

attached t o  the wing surface. The fins can be located a t  three chordwise 
4 

' s t a t i o n s   a t  O.@, two chordwise s ta t ions  at 0 .&, and one chordwise 
2 2 

s ta t fon  a t  o .79. (See f ig .  5. ) 
2 

Fin 2 was not tested on configuration C becaurte the lower portion 
of f i n  2 could not be supported by %he eheet metal farming the glove. 

In   o rder   to  determine the static longitudinal and lateral e t ab i l i t y  
character is t ics  of the wing, force tests were made at zero yaw for 
angles of at tack from Oo through the stall and far yaw angles  of 
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approximately So, +kO, go, loo, and 16O Par angles of at tack f r a m  00 
t o  just below the stall. i 

The ef fec ts  of the three leading-edge contours on the longitudinal 
aerodynamic character is t ics  both with fins remwed and ine ta l led  were 

investigated a t  Reynol-  numbers of 2.90 X 10 6 , 6.00 X 10 6 , and 9.72 X lo6 
u i t h  corresponding Mach numbers of 0.02, 0.07, and 0.12. The t e e t s  in 
yaw were made a t  a Reynold8 nuniber of 6.00 x lo6. The flow over the 
fine wae investigated by observing the action of wool tufts at tsched  to  
the f i n s  i n  poeftion 45-3 (fig. 5 )  fo r  d l  w f n g  leading-edge  configurations. 

Preeentation of Results 

The results of the present  paper have been corrected  for stream 
misalinement, boyyancy, and the effect8 of blocking and je t  boundary. 
Support strut tares were not applied for  it uae determined i n  reference 1 
that these e f f ec t s  on the present wing are  negligfble. 

The r e su l t s  of the tests are grouped into two main sectlone. The 
first section  presents the stat ic   longi tudinal  stabilitr character is t ics  
of the three wing configurations v i t h  outboard fins removed and ins ta l led  
and  includes  figurea 6 t o  12. Curves are presented in figure 7 showing 
the results of tests of each of the w i n g  configurations with the fins 
located in tb? poaition that resulted in the most desirable e t a t i c  longi- 
tudinal   s tabi l i ty   character is t ics .  The second section  presents the 
static lateral s t ab i l i t g   cha rac t e r i s t i c s  of the three wing configuratione 
with outboard  fine removed andins.t;alled  and  includes figures 13 t o  19. 
Surumary curves showing the l a t e r a l - s t a b i l f w  parameters cl+, cno” and 

Cy for the configuratiom with firm i n s t s l l e d   i n  the various position8 
investigated are given in figure 13.  S ~ ~ ~ E U - Y  curves of the lateral- 
s t a b i l i t y  parmeters for the configuration8 with f i n s  removed and 
ine ta l led  in the met effect ive position are given i n  figure 14. 

* 

Sta t ic  Longitudinal  Stability  Characteristic6 

Effect of wing leading-edge  modifications.- The  variation8 of angle 
of attack,  longitudinal-force and p i t c h i n g - m n t   c o e f f i c i e n t s  with lift 
coeff ic ient   for  the three KLng configuration6  investigated with outboard 
fine removed are given in figure 6 .  Configuration A h a d  the character- 
i s t i c  vortex-type flaw reported i n  references 1 and 2 for  ninga having 
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10-percent-thick  circular-arc  airfoil   sections and triangular plan farme. 
The existence of the vortex flow was indicated in the present imestf- 
gation by the force and moment b r e w  that occur a t  lift coefficients 
of 0.4 t o  0.6. It has been shown that a bubble of separation,  character- 
i s t ic  of airfoils having  sharp o r   e l - r a d i u s  leading edges, forme d o n g  
the leading edge a t  low angles of at tack,  and develops into a conical- 
separation  vortex which increases in strength and s ize  snd gradually 
moves inboard  as angle of s t tack  i s  increased. The e f f ec t  of the vortex 
on the chordwise loading aa shown i n  reference 2 was t o  reduce the leading- 
edge pressures  but a t  the same time broaden  the  region of high chordwise 
loading y i th  the result that the  section lift-cunre slope was. increased 
as long as there was reattachment of the flow behind the bubble of 
separation. When there was no r e a t t a c h e n t  of the flow behind the bubble 
of separation, the section was s ta l led .  The complete separation and 
accoqanying  abrupt loss i n  lift occurred mer the  outer  portion of the 
wing at an  angle of attack of about 14O, corresponding t o  a l i f t  coefff- 
cient  of approxhately 0.6. (See f i g .  6.) The sudden loss i n  l i f t  of 
the outer  portion of wing A r e su l t ed   i n  8 rapid forward s h i f t  of center 
of pressure with a decrease of longi tudinal   s tabi l i ty .  A: more  complete 
discussion of the   effects  of the vortex-type flow over tr iangular and 
related  pointed-tip wings is  given i n  reference 2. 

- 

Rounding the w i n g  leading edge to  a radius of approximately  0.0028~ 
by the ins t a l l a t ion  of a nose glove having airfoil  ordinates  corresponding 
to the NACA 65(06)-006.5 airfail section  (configuration B)  improved the - 

longi tudina l   s tab i l i ty   charac te r i s t ics .  The slope of the  l i f t  curve i n  
the low-to-moderate l i f t -coef f ic ien t  range w a s  lower than that for  
configuration A and the  increaee i n   l i f t - c u r v e  slope due to the  vortex 
flow was l e s s  and  occurred at a s l igh t ly  higher lfft coefficient.  This 
was due probably t o  a delay i n  the formation of the  vortex. The longi- 
t ud ina l   s t ab i l i t y  of  configuration B 8s indicated by the variat ion of C, 
with CL was about the same as that for  configuration A i n  the low-lift-  
coefficient  range,  but far l i f t  coefficients of about 0.2 t o  0.5 the 
longi tudina l   s tab i l i ty  was increased. Excefi for a trim shift, the 
longitudinal stability above a lift coeff ic ient  of about 0.6 was approxi- 
mately the same 8s for configuration A. The longitudinal-force  coeffi- 
cfents were s l igh t ly  lower for a given l i f t  coefficient  through the 
moiierate l i f t - coe f f i c i en t  range  than those obtained for configuration A: 

Fur the r  increase of the wing leading-edge radius to approximately 
0.0069~ by i n s t a l l i ng  a nose glove  having airfoil ordinates corresponding 
t o  the NACA 65-0r0 airfoi l   sect ion  (configurat ion C )  appeared to  eliminate 
completely the effects of vortex-type  flow. The l i f t ,  longitudinal-force, 
and  pitching-moment curves  tbrough the complete l i f t -coef f ic ien t  range 
d i d  not  exhibit the abrupt  changes  noted for conflgurations A and B. 
The wing was longitudinally stable  tbrough the lfft-coefficient  range and 
the stabi l i ty   increased with increasing lift coefficients  through most 
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of the l i f t -coef f ic ien t  range with a slight decrease i n   s t a b i l i t y  
occurring a t  a lift coefficient of about 1.0. The longitudinal-force 
coefficient was lower for a  given lift coefficient than f o r  either 
configurations A or B. 

It was found in  reference 3 that rounding th wing leading edge 
t o  a  radius larger than  0.0025~ had sanall effec ts  on the sta t ic   longi -  
tud ina l   s tab i l i ty   charac te r i s t ics ,   bu t  it is fe l t  this -1 e f fec t  was 
due t o  the  very  thin wing sectiona (0.045~) .used on the wing investigated. 

Effect of f i n s  and f in   posi t ion.-  The results of install ing  outboard 
f in s   a t   s eve ra l  spanvise  and  cbrdwiae  locations on configurations A, 

B, and C for Reynolds numbers varying from about 2.9 x 106 t o  9.7 x lo6 
are given i n  figures 7 t o  12. A n  i n c r e a m   i n  Reynolds number from 
approximately  2.9 X lo6 t o  6 .O x 10 6 had a small but  incormistent  effect 
on the sta t ic   longi tudina l   s tab i l i ty   charac te r i s t ics  of the three vlngs; 
therefore, the following  discweion will be for  an'average Reynolds 
number of approximately 6 x 10 6 . 

The results of t h e   f i n  tests indfcate that the most desirable 
location of the fins from the stan&point of the longi tudinal   s tabi l i ty  
character is t ics  will be outboard as far a8 pract ical  and with the leading 
edge tangent  to the wing profile  near the wing leading edge. M o v i n g  
the f i n s  away from the wing leading edge  caueed  abrupt  force and moment 
breaks. Similar results were obtained a t  low scale on a triangular wing 
having NACA 65(,6) -006.5 a i r fo i l   sec t ions  and are reported I n  reference 5. 
Comparison of these data with reference 5 ind3cate that large-scale  out- 
board f i n   e f f e c t s  can be reasonably  estimated by law-scale  inveatigationa. 

The results of installing  outboard fins in posit ion 75-1 on the 
three wing configurations  investigated are given in figure 7. It will .. 
be noted that the- f i n   i n a t a l l a t i o n s  reduced C b  by approximately 0.15. 
A reduct ion  in  C k  was noted  for all other f in   pos i t ions  (see f igs .  8 
t o  12) and aeems t o  be a character is t ic  of outboard-located  fins  (refer- 
ences 5 and 7). M a x i m u m  lilt as  indicated  by  the peak of the lif't curve, 
however, may not have significance for the triangulsr wing a t  approach 
or landing speede became of the  very high angle of attack (a 350) 
required  to  reach t h i s  lift coefficient.  For a more  practical   angle- 
of-attack  range (200 or less), the ins t a l l a t ion  of f in8   i n   pos i t i on  75-1 
had l i t t l e  e f fec t  on the lift coefficient.  The ins t a l l a t ion  of fina i n  
posit ion 75-1 had negligible  effects on .the variations of the pitching- 
moment coefficients vith lift coefficient,. .The longitudinal-force  coeffi- 
c ients  for the angle-of-attack range increased s l igh t ly  for a given lift 
coeff ic ient   for  lift coefficients  greater  than 0.4 for configurations A 
and B when the f ine  were ins ta l led   in   poe i t ion  75-1; however, the 

1 

. .I .. 
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longitudinal-force  coefficients  for  configuration C were s l igh t ly  - decreased, for lift coefficients f r o m  0.4 to  0.7. 

The values of L/D for configurations A, B, and C for a l i f t -  
coefficient  range of 0.4 t o  0.8 with f i n s  removed and i n s t a l l e d   i n  
position 75-1 are given i n  figure 7(b).  The i n s t a l l a t ion  of f i n s   i n  
position 75-1 produces only minor changes i n  the values of L/D far 
the l i f t -coef f ic ien t  range presented. 

The effects of f i n  1 on the lift, longitudinal-force, and pitching- 
moment coefficiente of  configuration A are  given in figure 8. Fin 1 
placed  tangent t o  the wing  prof i le  a t  the Leading edge a t  any of  the 
spanwise posit ions gave more favorable  force and moment character is t ics  
than d i d  the more rearuard fin positions. With the  fins placed a t  the 
wing leading edge, the separation  vortex that normally extenda  outboard 
along the wing leading edge (reference 2) W ~ B  turned downstream upon 
contact w i t h  the fina;  thereby  preventing the high t i p  loading 8 S S O C i a t e d  
with the vortex flow. The r e s a t  was a re la t ive ly  smooth var i s t ion  of 
the l i f t  curve though  the  usable  angle-of-attack range. There w a s ,  
however a slight range of neutral  stability with the f i n s  in   pos i t ion  75-1 
at.a l i f t  coefficient  of  about 0.4, and this watl  probably due t o   s t a l l i n g  
of the portion of the wing outboard of the f lm.  With the  f ins   placed 
i n  the other spanwiee positions  investigated  (rearward from the wing 
leading edge) the vortex was allowed t o  form and p r o s e e s  along the wing 
surface  in  the manner previously discussed u n t i l  it swept back far enough 
to  contact the fins. There it wae directed downstream, inboard of the 
fins, with the result that the w i n g  area outboard of the f i n s  s t a l l e d ,  
causing  abrupt  force and moment breaks. (See f ig .  8(b) . )  It will be 
noted that the force and moment breaka  occurred a t  higher angles of at tack 
as the f i n s  were placed in   pos i t ione  further removed from the wing leading 
edge. I n  order t o  ver i fy  the discussion on the flow character is t ics  
about  outboard, v e r t i c a l   f i n s  i n s t a l l e d  on the subject w i n g ,  flow tests 
were made on a 6-foot  span, 60° delta-wing model  mounted i n  the Langley 
full-scale  tunml.   Fins w e r e  ins ta l led  on the model i n  poeitions 
corresponding to   pos i t ions  69-1, 45-1, and 45-2. The flow tests were 
made by visually obaervfng the action of a long w o o l  surface probe and 
wool tufts attached to the wing surface. The type of flow observed w a s  
in agreement w i t h  the discussion  in  the preaent  paper. 

- 

Replacing f i n  1 by f i n  2 produced negligible changes i n  the force 
and moment character is t ics .  (See fig.  9.) The maximum-lift coefficient 
was slightly increased when f i n  2 was instal led.  

The effects of f i n  1 on the lift, longitudinal-force, and pitching- 
moment coefFlciente of configuration B are  shown i n  figure Lo. Fin 
position 45-2 wae omitted from this series of tests as an  undesirable 
posit ion.   Fin  posit ion 45-1 was omitted f r o m  the tests because of 
a t t a c b n t   d i f f i c u l t i e s  caused  by the nose glove  installation. The same 
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order of f i n   e f f e c t  was noted on configuration B as was noted for 
configuration A. Fin posit ion 75-1 was' the most desirable posit ion 
investigated for this configuration, and again  position 45-3 (the 
posit ion farthest removed from the wing leading edge) produced the 
most actverse e f f ec t s  on the stabi l i ty   character is t ics .  

Replacing f i n  1 by f i n  2 ( f ig .  11) again produced negligible changes 
on the force  and moment characterist ice.   Fin  poeit ion 60-2 was o m i t t e d  
from the f i n  2 tests as an undeeirable  position. 

The results of i n s t a l l i n g   f i n  1 on configuration C are given i n  
figure 12. It was previously  noted that wing leading-edge modificationrr 
eliminated the effects  of  vortex flow over configuration C w i t h  fim 
removed. For t h i s  configuration with firm ins ta l led ,  the force and mcment 
breaks were probably due t o   s t a l l i n g  of the area  outboard of the firm. 
It was a l s o  noted that  the outboard eide of the flne i n  posit ion 45-3 
were s t a l l e d   f o r  lift coefficients a t  which the force  and mment breaks 
occurred.  For the fin  posit ions  investigated,   posit ion 75-1 provided 
the smoothest variations of the force and moment curves  throughout the 
l i f t -coef f ic ien t  rimge. It vlll be noted that all tbe force and mcanent 
breaks  occurred a t  an angle of a t tack of 200 o r  greater. 

All the configurations  investigated, either with fin8 removed car. 
instal led,  were longitudinally stable near and  through C k ;  hoirever, 
the destabil izing  tendencies  in  the low-to-moderate l i f t -coef f ic ien t  
range  repreeent trim shifts which may not be manageable. 

S t a t i c  Lateral Stabi l i ty   Character is t ics  
The s ta t ic - la te ra l - s tab i l i ty  parameters C z q ,  Cwr and ww, 

presented as a function of lift coef f ic ien t   in  figures 13 and 14, -re 
determined by meaeuring the slopes of average limar curves faired 
through *bo yaw frm the data of figures 15 t o  19. 

Effect of wing le.ading-edge modificatione.- The data of figure 13 
( f i n s  off) indicates that wtng leading-edge modifications bad l i t t l e  
e f f ec t  on the lateral s tabi l i ty   character is t ice .  The greater wing leading- 
edge r a d i i  of configuration C produced a m o r e  nearly linear variat ion 
of Cz$ with CL t o  a lift coefficfent of about 0.5 than did configu- 
r a t ion  A; however, the maximum value of the effect ive dihedral parameter 
was about 0.002 a t  a lift coefficient of approximately 0.5 for the three 
configuration8  irmeetigated. A t  a l i f t  coefficient slightly above 0.5 
the effect ive dihedral decreaaee  rapidly  for  configurations A and B 
indicating that the leading semispan has s t a l l ed  and the trailing semi- 
span is maintaining lift due t o  the existence of the vortex flow. T b  
e f fec t  of yaw on thk flow pat tern was determined by pressure measurements 
and flow studies made on a emall-ecale  triangular wing having the same 
geometric  characteristic8 BIB conflguration A of the preaent  paper  and 

a 



reported  in  detail i n  reference 2. The e f fec t ive  dihedral for configu- 

became negative a t  a l i f t  coefficient of about 0.8, whereas the  effect ive 
dihedral for  configurations A and B became negative at a l i f t  coeffi-  
c ient  of about 0.7. The loss i n   e f f ec t ive  dihedral for configuration C 
a t  l i f t  coefficierrte from-0.7 t o  0.8 was similar t o  that for  configu- 
ra t ions A and B having  sharper  leadfng  edges. 

- ra t ion  C decreased rapidly above a lift coefficfent of about 0.7 and 

In general, the wing configurations with f ins removed w e r e  
directionally  stable  through the l i f t - coe f f i c i en t  range to a l i f t  
coefficient of about 0.9. The di rec t iona l   s tab i l i ty  for configuration C 
was s l igh t ly  greater than for configuratFone A and B, and the l i f t  coeffi-  
c ient  where instabi l i ty   occurred was fncreased  to  approxbately 1.0. 

The  data of figure 13 ( f ine off) shows that the values of Cy+ i n  

the  low-lift-coefficient range were eesentially  zero for the three wing 
configulrations  investigated.  For l i f t  coefficierrte  greater  than  approxi- 
mately 0.7 the  values of  increased  rapidly with increasing l i f t  

coefficient.  Thie rapid  increaee  in  the value8 of Cyq was again 

probably due t o  the flow breakdown Over the  leading semispan. 

Effect  of f i n s  and fin  po8ition.-  The variat ions of the s t a t i c  . l a t e r a l   s t a b i l i t y   c k a c t e r i s t i c s  with l i f t  coeff ic ient   for  the three 
wi-ng configurations  investigated w i t h  fins removed o r  fns ta l led  i n  the 
various  positions  noted  in figure 4 are given i n  figure 13. It is shown 
i n  figure 13 that all the fin p o s i t i o ~   t h a t   l o c a t e d  the leafing eQe 
of the fins  tangent t o  the pro f i l e  of the ving at the leading edge 
produced desirable lateral e tab i l i ty   charac te r i s t ics .  As the f i n r j  were 
moved farther inboard and behind the wing leading e a e  the l a t e r a l  
s t a b i l i t y  became increasingly  adverse. I n  general, the effect ive 
dihedral parameter C I J I  had a maximum value  of  approximately 0.002 st 

lift coefficients of about 0.6 t o  0.7 for the three wing configurations 
investigated with f i n s   i n s t a l l e d   i n  the various  positions. The wings 
were directionally  etable  throughout  the  l if t-coefficient range investi- 
gated with f i n e   i n s t a l l e d   i n  aqy of the positions. (See f ig .   13.)  

The variations  of C z$, C, yr and C with CL for the three w i n g  
y* 

configurations investigated with fins i n s t a l l ed  in posi t ion 75-1 are 
given in   f igure  14. Fin  postt ion 75-1 was selected-  because i ts  effects 
on the lateral stability character is t ics   of  the three wing configurations 
were slightly more favorable  than the other positions  inVeStig8ted 
( f ig .  l3), and also because it was one of  the most effect ive  posi t ions 
indicated  previously i n  the discussion of the static longi tudina l   s tab i l i ty  
character is t ics .  This posit ion was also found t o  be the most ef fec t ive  - p o s i t i o n   i n  the static low-scale investigation  given i n  reference 5 .  
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AE shown in figure 1 4  the ine ta l la t ion  of fins in   poe i t ion  75-1 on 
the three vlng configurationa  investigated  increased  elightly the l i f t  
coeff ic ient  a t  which the effect ive dihedral hecanes  negative.  Fin 2 
installed in this posit ion produced  lower values of effect ive dihedral 
throughout the l i f t -coef f lc fea t  range than those  produced by f i n  1. 
The d i r ec t iona l ' s t ab i l i t y   fo r  fln 1 i n  this position, however, waa 
greater (and eseentially  constant a t  a value of approx. -0.004) than 
that for  fin 2; and, therefore, fin 1 was coneidered m o r e  desirable. 
"he effect ive dihedral for conffguratfon C with f i n  1 installed remained 
posit ive  thoughout  the  l if t-coefficient range; however, sharp breaks 
occurred a t  l i f t  coefficients of about 0.7 t o  0.8 corresponding t o  the 
lift coefficients w h e r e  the force 'and molllent breaks  occurred in the 
longi tudinal   s tabi l i ty   character is t ics .  A lose i n   d i r ec t iona l   a t ab i l i t y  
was experienced above a l f f t  coefficient of approxhately 0.7 fo r  the 
configurationa  with f i n  1 inetal led i n  posit ion 75-1; however, directional 
s t a b i l i t y  was maintained t o  the e t a l l .  

. .  

The r e su l t s  of an  investigation i n  the Langiey full-scale  tunnel 
t o  determine the ef fec t s  of wing leading-edge  modifications  and  eeveral 
outboard f i n  arrangements on t& low-speed etatic longitudinal and lateral 
s tab i l i ty   charac te r ie t ics  of a large-scale triangular wing having c 

10-percent-thick  circular-arc a f r fo i l  sections and 60° of  leading-edge 
sweep are summarized ae  follows: 

1. Rounding the wing leading edge to a radius of approximately 0.0028~ 
by ine ta l l ing  a nose glove  having  ordinates  correeponding t o  the 
mACA 65(06)-W6.5 a i r f o i l  delayed the  vortex flow and a l l ev i i t ed  the 
accompanying force and moment breaks  characterietic of the w i n g  with 
sharp leading edges. Further increase of&& vlng leading-edge  radius 
t o  a value of approximately  0.0069~ by inetalling an NACA 63-010 noue 
glove  eliminated  farce and moment breaks associated with vortex flow. 

2.' Increasing  the Reynolds number from approxbmtely 2.7 x 10 6 
t o  approximately 9.7 x 10 6 produced minor effect6 on the s t a t i c   s t a b i l i t y  
character is t ics  of the three configuratione  inveetigated with f i n s  
removed or   imta l led ,   and . the  data obtained for the  present  investigation 
are in agreement with  the  low-scale data obtained previously. 

3.  The most desirable over-all s tab i l i ty   charac te r i s t ics  vere 
obtained with the fine located as far outboard as pract ical  and with 
the f i n  leading edge tangent  to the w i n g  p rof l le  a t  the leading edge. 
With f i n s  Installed i n  the moat outboard  position, the l i f t  coefficient 
a t  which negative  effective dihedral was experienced wae increased. 
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4. All the fins  investigated  provided  directional  stability  through 
most of  the lift-coefficient  range. The most desirable  directional 
a tab i l i ty   charac te r i s t fcs  were obtained  with fin I. located a t  75 percent 
span  and  tangent t o  the wing leading edge profile. 
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I 

Figure 1.- The stability s y s t e m  of axes and sign convention for the 
standard NACA coefficients. All forces, f o r c e  coefficients, moment 
coefficients, and angles are shown as positive. 
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Aspect Rat io  2.31 
Area 231 eq f t. 

Figure 2.- CIeometric character is t ics  of the wing without nose gloves 
installed. All dimensions are given i n  inches. Configuration A. 
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Figure 3.- Photograph of the  wing mounted for tests in the Langley full- 
scale tunnel. Configuration C; fin 1; position 75-1. 
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(a) W i n g  with NACA 65(06)46.5 nose (b) W h g  with NACA 65-010 nose 
glove. Configuration B. glove.. Configuration C. 

Figure 4.- Geomtric characteristics of nose gloves  Investigated. Air- 
foil ardlnatea a m  given Fn table 1. 
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Figure 6.- The variations of a, G, and C, with C, for the three 
configurations investigated. B = 6 .O x d. 
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(a) a, G, and C, against CL. 

Figure 7.- The longitudinal aerodynamic characteristics of configura- 
tions A, B, and C with fins installed in the most desirable position. 
R X 6.0 X 106. 
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(b) L/D against CL. 
Figure 7.- Concluded. 
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R x 2.9 x 10 6 . 
Figure 8.- Effect of  fins and fin positioning on the variations of a, 

&, and C, with k. Configuration A; fin 1. 
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(b) R B 6.0 x 10 . 6 
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Figure 9.-  Effect o f  fjns and fin poaitionhg on the variatione of a, 

G, and C, uith CL. Configuration A; fin 2, R 6.0 x 106. 
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(a) R ?: 2.9 x 10 6 . 
Pinure 10.0.- Effect of fina and fin positioning on the variations of a, 

&, and C,,, with CL. Configuration E; f in  1. 
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(b) R ~ ' ' 6 . 0  x 10 6 . 
' pigure 10.- Continued. 
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(c)  R z 9.7 x lo6. 

Figure 10.- Concluded. 
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Figure ll.- Effect of  pin^ and fln positioning on the v a r i a t i o n s  of a, 
%, and C, with CL. Configuration B; fin 2. R =: 6.0 x lo6. 
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R z 2.9 x 10 . 6 

Figure 12.- Effect of fins and fin positioning on the variations of u, 
&, and C, with CL. Configuration C; fin 1. 
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R fi: 6.0 x lo6. 

Figure 12.- Continued. 
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(c) R 9.7 x 10 6 . 
F l g ~  12.- Concluded. 
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( a )  Configuration A .  

Figure 13.- Effeot of fins and fin positioning on the static Lateral  
&abil i ty  characteristics. B w 6.0 x 106. 
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(b) Configuration B. 

Figure 13.- Continued. 
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(c )  Configuration C, fin 1. 

Figure 13.- Concluded. 
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Figure 4.- The effect of wing leading-edge lnodifications on the lateral 

stability characteristics with f im removed and installed in the most 
desirable position of 75-1. R x 6.0 x 106. 
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(a) Fins removed, 

Figure Is-- The effects of fins and fin positioning on the variations of 
Cz, k, and C, with f. Configuration A, fin 1. R Z 6.0 x 106. 



(b) Position 75-1. 

Figure 15.- Continued. 
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( c )  Position 60-1. 

Figure 15.- Continued. 
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(d)  Posi t ion 60-2. 

F i g u r e  15.- Continued. 
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( e )  Posi t ion 45-1. 

Figure 15.- Continued. 
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(g) Position 45”  - 
Figure 15.- Concluded, 



46 NACA RM L5U05 

(a) Position 75-1 (top portion only) .  

Figure X.- The effects of fins and fin positioning on the variations of 
C I S  Cn, a d  C, with C o n f i m t i a  A; fin 2. R a 6.0 X 10 6 . I 
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(b) Position 75-1. 

Figure X.- Continued. 
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( c )  Pos i t ion  60-1. 

Figure 16.- Continued 
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( e )  Position 45-2. 

Figure 16.- Continued. 
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Figure 17.- Effect of fins and fin positioning on the variations of cI, 
CYI, and. Cy with JI. ConfiguratLon B, fin 1. R 6.0 X 106. 
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(b) Positfon 75-1. 

Figure 17.- Continued. 
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(d) Position 60-2. 

Figure 17.- Continued. 
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Figure 17.- Concluded. 
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(b) Position 60-1. 

F i g u r e  18 .- Continued. 
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( c )  Position 45-3. 
Figure 18.- Concluded. 
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(a) Fins removed. 

Figure 19.- Effect of fins and fin positioning on the  variations of Cz, 
C,, and Op with Jr. Configuration C; fin 1. R x 6.0 x 10 6 . 
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(b) Position 75-1. 

Figure 19 .- ContFrrued. 
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( c )  Posi t ion 60-1, . 

Figure 19.- Continued, 



(d)  Position 60-2. 

Figure 19 -- Contimad. 
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Figure 19,- Concluded. 



SECURITY - I N F O R M A T I O N / ,  

. . , .  

1 .  . 
. .  

.- . 

. , .  , . I  
4 .  

. . >  

. ,  
1 .  

. . . j  
: . .  . 

. .  . .  

. . .  

1 

. .  . .  
. .  

E 

. .  . .  

i 

.. 


